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WK,QWHUQDWLRQDOFRQIHUHQFHRQ,QWHOOLJHQW+XPDQ&RPSXWHU,QWHUDFWLRQ,+&,
(\H*D]H7UDFNLQJEDVHG,QWHUDFWLRQLQ,QGLD
3UDGLSWD%LVZDV	3DW/DQJGRQ
(QJLQHHULQJ'HVLJQ&HQWUH8QLYHUVLW\RI&DPEULGJH8.
(PDLO^SESPO`#FDPDFXN
$EVWUDFW
7KLVSDSHUSUHVHQWVDFDVHVWXG\RIXVLQJH\HJD]HWUDFNLQJEDVHGLQWHUDFWLRQIRU,QGLDQFRPSXWHUQRYLFHXVHUV,QWURGXFWLRQRI
LQWHUDFWLYH WHFKQRORJLHV ZHUH QRW V\QFKURQRXV LQ GHYHORSHG DQG GHYHORSLQJ FRXQWULHV UHVXOWLQJ LQ ,QGLD D PLGGOHDJHG
SRSXODWLRQ ZKR GLG QRW µJURZ XS¶ ZLWK WHFKQRORJ\ DQG ILQG H[LVWLQJ FRPSXWHU LQWHUIDFHV DQG LQWHUDFWLRQ GHYLFHV FRXQWHU
LQWXLWLYH :H LQYHVWLJDWHGKRZ WKHVHXVHUV LQWHUDFWZLWK DQ H\HJD]H WUDFNHUZKLFKKDVSRWHQWLDO WREHPRUH LQWXLWLYH WKDQ D
PRXVH RU WRXFKSDG  'XULQJ WKH VWXG\ ZH GHVLJQHG DQG YDOLGDWHG D QHZ WDUJHW SUHGLFWLRQ PRGHO DQG XVHG WKH PRGHO LQ
LPSOHPHQWLQJDGHVLJQEHG7KHGHVLJQEHGZDVXVHGWRGHYHORSLQWHUIDFHVIRUFRPPRQFRPSXWLQJWDVNVOLNHVKRSSLQJEDQNLQJ
WUDYHOOLQJDQGVRRQ2XUVWXG\IRXQGWKDWQRYLFHXVHUVFDQXQGHUWDNHSRLQWLQJDQGVHOHFWLRQWDVNVVLJQLILFDQWO\IDVWHUXVLQJWKH
H\HJD]HWUDFNHUWKDQPRXVHDWDFRVWRIKLJKHUEXWVWDWLVWLFDOO\QRQVLJQLILFDQWFRJQLWLYHORDG:HDOVRFRQGXFWHGDORQJLWXGLQDO
VWXG\ZKLFKIRXQGXVHUVFDQUHDFKWKHLURSWLPXPVSHHGDERXWVHFVSHUVHOHFWLRQZLWKLQDSSUR[LPDWHO\PLQXWHVZLWKOHVV
WKDQHUURUUDWH

.H\ZRUGV(\HJD]HWUDFNLQJ7DUJHWSUHGLFWLRQ+&,LQ,QGLD1HXUDO1HWZRUN

,QWURGXFWLRQ
5HVHDUFKRQH\HWUDFNLQJGDWHGEDFNWRODWHWKFHQWXU\ZKHQ/RXLVePLOH-DYDOLQYHVWLJDWHGVDFFDGLFPRYHPHQWV
LQDUHDGLQJWDVN>@(GPXQG+XH\SLRQHHUHGLQEXLOGLQJWKHILUVWH\HWUDFNHUZKLFKZDVDFRQWDFWOHQVFRQQHFWHG
ZLWK DQ DOXPLQLXP SRLQWHU >@  3UHVHQW UHVHDUFK RQ GHYHORSLQJ H\H WUDFNHU LQYHVWLJDWHV RQ UHGXFLQJ WKH FRVW RI
H[LVWLQJLQIUDUHGEDVHGWUDFNHUVHJ7RELL>@RU)DFH/DE>@7UDFNHUDVZHOODVLQFUHDVLQJWKHLUDFFXUDF\>@,Q
WKLVSDSHUZHLQYHVWLJDWHGDQRYHODSSOLFDWLRQRIH\HJD]HWUDFNLQJ±XVLQJLWDVDQLQSXWPRGDOLW\IRU,QGLDQQRYLFH
XVHUV ,QWURGXFWLRQ RI LQWHUDFWLYH WHFKQRORJLHV ZDV QRW V\QFKURQRXV LQ GHYHORSHG DQG GHYHORSLQJ FRXQWULHV
,QIRUPDWLRQ DQG&RPPXQLFDWLRQ7HFKQRORJ\ ,&7 UHODWHG GLJLWDO GLYLGH KDV EHHQ DOUHDG\ LQYHVWLJDWHG LQ GHWDLO
.HQLVWRQ>@FODVVLILHGGLJLWDOGLYLGHLQWRIRXUFDWHJRULHVFRPSDULQJWKH,QGLDQFRQWH[WZLWK86$DQGVXPPDUL]HG
WHQOHVVRQVIRUVXFFHVVIXOO\GLVVHPLQDWLQJEHQHILWRI,&7LQ,QGLD6PLWKDQG'XQFNOH\>@HPSKDVL]HGWKHQHHGRI
FRUUHFW FXOWXUDOPRGHO WR LPSURYH LQWHUDFWLRQ H[SHULHQFH RI XVHUV LQ GHYHORSLQJ FRXQWULHV:DOWRQ0DUVGHQ DQG
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9XNRYLF >@ LQYHVWLJDWHG FXOWXUDO GLIIHUHQFH LQ PRUH GHWDLO IRU 6RXWK $IULFDQ VWXGHQWV DQG SRLQWHG RXW NH\
GLIIHUHQFHVLQLQWHUSUHWLQJKLHUDUFKLFDOVWUXFWXUHVDPRQJQDWLYHVWXGHQWV
,Q,QGLDUHVHDUFKRQKXPDQFRPSXWHULQWHUDFWLRQPDGHVLJQLILFDQWFRQWULEXWLRQRQGHYHORSLQJPXOWLOLQJXDOV\VWHPV
IRU ,QGLDQ ODQJXDJHV DQG YRLFH EDVHG LQWHUDFWLYH V\VWHPV 5HVHDUFKHUV LQ ,QGLD DOUHDG\ LQYHVWLJDWHG H\HJD]H
WUDFNLQJ EDVHG LQWHUIDFHV IRU WH[W W\SLQJ > @ DQG DOVR LQYHVWLJDWHG H\H JD]H SDWWHUQV RI HOGHUO\ SHRSOH >@ LQ
SDUWLFXODU GXULQJ ZHE VHDUFKLQJ >@ +RZHYHU XVLQJ H\H JD]H WUDFNHU DV D SULPDU\ LQSXW GHYLFH IRU HYHU\GD\
FRPSXWLQJWDVNVDWOHDVWLQ,QGLDQFRQWH[WLVDQRYHOW\(\HJD]HWUDFNLQJV\VWHPVDUHSUHWW\LQWXLWLYHWRRSHUDWHDQG
KDYH JRRG SRWHQWLDO WR EH LQFRUSRUDWHG LQWRPDLQVWUHDP HOHFWURQLF GHYLFHV  ,Q ,QGLDQ FRQWH[W H\HJD]H WUDFNLQJ
V\VWHPFDQHYHQUHSODFHRUDXJPHQWWKHVWDQGDUGFRPSXWHUPRXVHRUD79UHPRWHDVZHIRXQGLQRXUVXUYH\>@WKDW
PDQ\HOGHUO\XVHUVGLGQRWILQGWKHFRPSXWHUPRXVHLQWXLWLYHRUIRXQGLWGLIILFXOWWRUHDGODEHOVRQD79UHPRWH7KH
H\HJD]HWUDFNLQJUHVHDUFKLVDGYDQFLQJUDSLGO\LQWHUPVRIERWKUHGXFLQJSULFHDQGLQFUHDVLQJDFFXUDF\RIWUDFNLQJ
,QGLDQ XQLYHUVLWLHV KDYH HQRXJK H[SHUWLVH WR EXLOG FXVWRPL]HG DFFXUDWH H\HJD]H WUDFNHUV XVLQJ LQIUDUHG /('V
ZKLFKFDQPDNHLWDIIRUGDEOHWRDORWRIXVHUV:HKDYHGHYHORSHGWDUJHWSUHGLFWLRQPRGHOWKDWFDQKHOSLQSRLQWLQJ
HYHQXVLQJOHVVDFFXUDWHH\HJD]HWUDFNHUV+RZHYHUVWXGLHVUHSRUWHGLQWKLVSDSHUDLPVWRLQYHVWLJDWHWKHSRWHQWLDO
RIH\HJD]HWUDFNHUVDVDQLQSXWPRGDOLW\DQGGRQRWUHSRUWDQDO\VLVRQH\HJD]HSDWWHUQV
%$&.*5281'
7KLV UHVHDUFK LV SDUW RI WKH ,8$7& ZZZLXDWFFRP FRQVRUWLXP ZKLFK LV GHYHORSLQJ QH[W JHQHUDWLRQ ZLUHOHVV
QHWZRUNDQGDVVRFLDWHGDSSOLFDWLRQVIRU%ULWLVKDQG,QGLDQUXUDOSRSXODWLRQ7KHFRQVRUWLXPLVGHYHORSLQJDUDQJHRI
DSSOLFDWLRQV IRU IDUPHUV UXUDO KHDOWK FHQWUHV VFKRROV XQLYHUVLWLHV DQG VR RQ2QH ELJJHVW FKDOOHQJH RI DOO WKHVH
DSSOLFDWLRQV LV WR WDFNOH WKH KXJH GLYHUVLW\ RI SRSXODWLRQ LQ ERWK ,QGLD DQG 8.  2XU UHVHDUFK FRQFHUQV DERXW
SHUVRQDOL]LQJXVHULQWHUIDFHVDQGXVHULQWHUDFWLRQ:HFRQGXFWHGH[WHQVLYHVXUYH\LQ,QGLDDQG(XURSHDQGLGHQWLILHG
NH\GLIIHUHQFHV LQKXPDQ IDFWRUVDQGUHTXLUHPHQWV IURP+&,SRLQWVRIYLHZV>@2XUVWXG\ IRXQG WKDW WKHUH LVD
VLJQLILFDQWGLIIHUHQFHLQHGXFDWLRQOHYHOVDQGFRJQLWLYHDELOLWLHVLQWHUPVRIVFRUHVLQFRJQLWLYHWHVWVEHWZHHQ,QGLDQ
DQG (8 HOGHUO\ SRSXODWLRQ ZKLFK SURPSWHG XV WR GHYHORSPRUH LQWXLWLYH DQG LQWHOOLJHQW WHFKQRORJLHV IRU ,QGLDQ
XVHUV :H KDYH DOVR IRXQG WKDW (8 PLGGOHDJHG DQG HOGHUO\ XVHUV KDYH PRUH H[SRVXUH WR FRPSXWHU UHODWHG
WHFKQRORJLHVWKDQWKHLU,QGLDQFRXQWHUSDUWV :HKDYHGHYHORSHGDXVHUPRGHOOLQJZHEVHUYLFHWRSHUVRQDOL]HIRQW
VL]HFRORXUFRQWUDVWOLQHVSDFLQJDQGRWKHUVWDWLFIHDWXUHVRILQWHUIDFHV>@DVZHOODVDWDUJHWSUHGLFWLRQPRGHO>@WR
SHUVRQDOL]HG\QDPLFLQWHUDFWLRQ+RZHYHUSHUVRQDOL]DWLRQRILQWHUIDFHDQGLQWHUDFWLRQFDQQRWDORQHVROYHDOOLVVXHV
DVPDQ\,QGLDQXVHUVIRXQGUHJXODULQWHUDFWLRQGHYLFHVOLNHFRPSXWHUPRXVHRU79UHPRWHVKDUGWRXVH7KLVSDSHU
UHSRUWVDFRXSOHRIXVHUWULDOVWRHYDOXDWHXVHUV
SHUIRUPDQFHDQGSUHIHUHQFHIRUH\HJD]HWUDFNLQJEDVHGLQWHUDFWLRQ
ZKLFKLVPRUHLQWXLWLYHWKDQPRXVHDVXVHUVFDQFRQWURODQHOHFWURQLFLQWHUIDFHVLPSO\E\ORRNLQJDWLW7KHVWXG\LV
FRQGXFWHG LQ,QGLD LQVWHDGRIDGHYHORSHGFRXQWU\DV LW LVPXFKHDVLHU LQ ,QGLD WR UHFUXLWSDUWLFLSDQWVZKRDUHQRW
H[SHUWFRPSXWHUPRXVHXVHUV1RQH[SHUWXVHUVUHGXFHWKHHIIHFWRISULRUH[SHULHQFHZKHQZHFRPSDUHGH\HJD]H
WUDFNLQJEDVHGLQWHUDFWLRQZLWKFRQYHQWLRQDOPRXVH$PRUHGHWDLOHGOLWHUDWXUHVXUYH\RQH[LVWLQJH\HJD]HWUDFNLQJ
V\VWHPFDQEHIRXQGLQDVHSDUDWHSDSHU>@DQGUHOHYDQWOLWHUDWXUHWRRXUVWXGLHVKDYHEHHQDGGUHVVHGLQGLVFXVVLRQ
VHFWLRQV
7+(352326('6<67(0
:HKDYHGHYHORSHGDGHVLJQEHGLQFRUSRUDWLQJDWDUJHWSUHGLFWLRQWHFKQRORJ\>@7KHWDUJHWSUHGLFWLRQWHFKQRORJ\
DQDO\VHVLQVWDQWDQHRXVYHORFLW\EHDULQJDQGDFFHOHUDWLRQRIFXUVRUPRYHPHQWDQGXVHVDQHXUDOQHWZRUNWRSUHGLFW
QH[WLQWHQGHGWDUJHW7KHGHVLJQEHGXVHVSRLQWIRQWVL]HDQGELJEXWWRQVWRIDFLOLWDWHLQWHUDFWLRQE\SHRSOHZLWK
DJHUHODWHGLPSDLUPHQW7KHGHVLJQEHGLVXVHGWRGHYHORSLQWHUIDFHVIRUHYHU\GD\FRPSXWLQJWDVNVOLNHHOHFWURQLF
VKRSSLQJ EDQNLQJ WUDYHOOLQJ DQG VR RQ ILJXUH  (DFK LQWHUIDFH WULHV WR UHGXFH LQIRUPDWLRQ RYHUORDG E\ RQO\
SURYLGLQJPLQLPXPUHTXLUHGGHWDLOV8VHUVGRQRWQHHGWRSUHFLVHO\SRLQWRQWDUJHWWKHWDUJHWSUHGLFWLRQWHFKQRORJ\
DXWRPDWLFDOO\ VHWV IRFXV RQ D EXWWRQ ZKHQ D SRLQWHU UHDFKHV QHDU LW 7KH JUHHQ EXWWRQV LQ ILJXUH  GHSLFW VXFK
SUHGLFWHGWDUJHWV+RZHYHUWKHSUHGLFWHGEXWWRQLVQRWVHOHFWHGDXWRPDWLFDOO\WKHXVHUQHHGVWRJLYHDVHFRQGLQSXW
LQWHUPVRIDNH\SUHVVPRXVHFOLFNRUEOLQNWRPDNHWKHILQDOVHOHFWLRQ$YLGHRGHPRQVWUDWLRQRIWKHV\VWHPFDQ
EHZDWFKHGDWKWWS\RXWXEHE[2:=NBG0
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7KHLQWHUIDFHVZHUHHYDOXDWHGXVLQJWKH,QFOXVLYH8VHU0RGHORI&DPEULGJH8QLYHUVLW\WRPDNHVXUHLWLVDFFHVVLEOH
WR SHRSOH ZLWK PRGHUDWH YLVXDO DQG PRWRU LPSDLUPHQW )LJXUH  EHORZ VKRZV WKH SHUFHSWLRQ RI WKH H6KRSSLQJ
LQWHUIDFHIRUSHRSOHZLWKDJHUHODWHGEOXUUHGYLVLRQDQGUHGJUHHQFRORXUEOLQGQHVV,WPD\EHQRWHGWKDWWKHLQWHUIDFH
UHPDLQVOHJLEOHWRWKHVHXVHUV7KHEOXHOLQHVGHSLFWSRVVLEOHFXUVRUWUDFHZKLOHDXVHUZLWKWUHPRULQKDQGXVLQJD
FRPSXWHUPRXVH,WPD\EHQRWHGWKDWHYHQVXFKDXVHUKDVOLWWOHFKDQFHWRZURQJO\VHOHFWDWDUJHWGXHWRODUJHLQWHU
EXWWRQVSDFLQJ
D(OHFWURQLFVKRSSLQJ,QWHUIDFH

E(OHFWURQLF%DQNLQJ,QWHUIDFH
F(OHFWURQLF7UDYHOOLQJ,QWHUIDFH G%LUWK'HDWK5HJLVWUDWLRQ6\VWHP
)LJXUH,QWHUIDFHGHVLJQHGXVLQJWKHWDUJHWSUHGLFWLRQGHVLJQEHG
86(575,$/6
7KHIROORZLQJVHFWLRQVUHSRUWWKHIROORZLQJWZRXVHUWULDOV
 7KHILUVWWULDOFRPSDUHVFRJQLWLYHORDGDQGVHOHFWLRQWLPHIRUDVWDQGDUGFRPSXWHUPRXVHDQGH\HJD]HWUDFNLQJ
V\VWHPIRUWKHHOHFWURQLFVKRSSLQJDSSOLFDWLRQ
 7KHVHFRQG WULDOSUHVHQWVD ORQJLWXGLQDOVWXG\ WR LQYHVWLJDWH WKHHIIHFWRI OHDUQLQJRQH\HJD]H WUDFNLQJEDVHG
LQWHUDFWLRQ
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
)LJXUH6LPXODWLRQRILQWHUDFWLRQE\XVHUVZLWKPRGHUDWHYLVXDODQGPRWRULPSDLUPHQW
&RPSDULVRQRI(\HJD]H7UDFNHUDQG0RXVH
,QWKLVXVHUWULDOZHKDYHFRPSDUHGXVHUV¶FRJQLWLYHORDGDQGVHOHFWLRQWLPHVEHWZHHQH\HJD]HWUDFNLQJDQGPRXVH
IRUDQRQOLQHVKRSSLQJWDVNXVLQJWKHH6KRSSLQJLQWHUIDFHGLVFXVVHGDERYH
:HFROOHFWHGGDWDIURPSDUWLFLSDQWVZKRDUHQRWUHJXODUFRPSXWHUXVHUV7KHVWXG\DLPVWRILQGKRZHDV\RUGLIILFXOW
XVHUVSHUFHLYHDQGSHUIRUPZLWKH\HJD]HWUDFNLQJEDVHGV\VWHPLQFRPSDULVRQWRPRXVHZKLFKLVVWLOOQRZWKHPRVW
FRPPRQO\ XVHG FRPSXWHU LQSXW GHYLFH 9HUWHJDDO >@ DOUHDG\ FRPSDUHG H\HJD]H WUDFNLQJ DQG PRXVH EDVHG
LQWHUDFWLRQIRUSRLQWLQJDQGFOLFNLQJWDVNVDQGIRXQGWKDWH\HJD]HWUDFNLQJZLWKGZHOOWLPHEDVHGVHOHFWLRQLVIDVWHU
WKDQPRXVHEXWH\HJD]HWUDFNLQJDOVRJHQHUDWHGKLJKHUHUURUUDWH
3DUWLFLSDQWV
:HFROOHFWHGGDWDIURPXVHUVDYHUDJHDJH\HDUVPDOHIHPDOH3DUWLFLSDQWVZHUHLQWHUYLHZHGDERXWWKHLU
SULRUH[SHULHQFHRIXVLQJFRPSXWHUDQGRQO\DOORZHGLQWKHWULDOLIWKH\QHYHUXVHGFRPSXWHUUHJXODUO\EHIRUH$IHZ
XVHUV RFFDVLRQDOO\ XVHG FRPSXWHUV DQG EXW VWLOO GLG QRW FRQVLGHU WKHPVHOYHV DV H[SHUW XVHUV 7KH VWXG\ ZDV
FRQGXFWHGDW'HOKLDQG.RONDWD,QGLD
0DWHULDO
:HKDYHXVHGD:LQGRZV+3FRPSXWHUZLWKFPuFPPRQLWRUKDYLQJ[SL[HOV UHVROXWLRQ WR
UHFRUGXVHUV¶SHUIRUPDQFHZLWKWKHH6KRSSLQJV\VWHP:HXVHGD7RELL7;H\HJD]HWUDFNHUWRUHFRUGH\HJD]H
:HKDYHXVHGDEHL]HUFXUYH>@EDVHGILOWHULQJDOJRULWKP>@WRVPRRWKO\PRYHWKHPRXVHFXUVRULQVLGHWKHVFUHHQ
)RU H\HJD]H WUDFNLQJ EDVHG LQWHUDFWLRQ WKH EODQN VSDFH EXWWRQ LQ  D VWDQGDUG /RJLWHFK NH\ERDUG LV XVHG IRU
VHOHFWLQJWDUJHW$VWDQGDUG/RJLWHFKPRXVHZDVXVHGWRUHFRUGSHUIRUPDQFHZLWKPRXVH:HXVHGWKH1$6$7/;
VFRUHVKHHWWRPHDVXUHFRJQLWLYHORDG
3URFHGXUH
7KHXVHUVZHUHLQVWUXFWHGWREX\DIHZLWHPVXVLQJWKHH6KRSSLQJLQWHUIDFH)LJXUHDXVLQJPRXVHDQGH\HJD]H
WUDFNHU 7KHPRXVH EDVHG LQWHUDFWLRQ GLG QRW LQYROYH WDUJHW SUHGLFWLRQ V\VWHPZKLOH WKH H\HJD]H WUDFNLQJ EDVHG
V\VWHPKDGWKHWDUJHWSUHGLFWLRQRQ$IWHUUHSHDWLQJWKHSURFHVVDIHZWLPHVWKH\ZHUHLQVWUXFWHGWRILOOXSWKH7/;
VFRUHVKHHW7KHRUGHURILQSXWRSWLRQVPRXVHDQGH\HJD]HWUDFNHUZDVUDQGRPL]HGWRPLQLPL]HRUGHUHIIHFW
7KHSURFHVVRIEX\LQJDQLWHPLQYROYHGIROORZLQJVWHSV
 3RLQWLQJDQGFOLFNLQJRQRQHRIWKHFRPERER[HVRQWRSILJXUHD
 3RLQWLQJDQGFOLFNLQJRQ WKHEXWWRQKDYLQJ WKHGHVLUHG LWHPOLNHFDPHUD FRPSXWHUHWF UHIHU ILJXUHD2Q
FOLFNLQJDEXWWRQWKHLQWHUIDFHVKRZVDOLVWRIFDPHUDVFRPSXWHUVDQGVRRQ
 3RLQWLQJDQGFOLFNLQJRQWKHEXWWRQKDYLQJWKHGHVLUHGSURGXFWOLNHDSDUWLFXODUFRPSXWHUEUDQGRUDSDUWLFXODU
ERRN
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 5HSHDWLQJDERYHVWHSVWRDGGPRUHLWHPVWRVKRSSLQJFDUW
 3RLQWLQJDQGFOLFNLQJRQµ&KHFN2XW¶EXWWRQDWWKHULJKWVLGHVRIWKHVFUHHQ)LJXUHD
 5HSHDWLQJWKHZKROHSURFHGXUHVWHSVWZRWRWKUHHWLPHVXVLQJERWKPRXVHDQGH\HJD]HWUDFNHU
5HVXOWV
$OO HLJKW XVHUV FRXOG XQGHUWDNH WKH WULDO DQG FRPSOHWHG WKH WDVN7KH EXWWRQ VHOHFWLRQ WLPHZDVPHDVXUHG DV WKH
GLIIHUHQFHLQWLPHEHWZHHQWZREXWWRQVHOHFWLRQVRUWKHWLPHGLIIHUHQFHEHWZHHQVHOHFWLRQRIDFRPERER[DQGQH[W
EXWWRQSUHVV7KH WLPH LQYROYHVSRLQWLQJ WR WKH WDUJHWDQGVHOHFWLQJ LW7KHEXWWRQVHOHFWLRQ WLPHZDVVLJQLILFDQWO\
OHVVIRUH\HJD]HWUDFNLQJEDVHGV\VWHPWKDQPRXVHILJXUHVKRZLQJDYHUDJHDQGVWDQGDUGGHYLDWLRQDQGILJXUH
VKRZLQJPHGLDQDQGTXDUWLOHVLQD:LOFR[RQ6LJQHG5DQN7HVW= SU 
,QWKHSUHVHQWH[SHULPHQWDOVHWXSZHKDYHGHILQHGHUURURUZURQJVHOHFWLRQDVIROORZV
 8VHUVVHOHFWLQJVDPHLWHPWZLFHFRQVHFXWLYHO\
 8VHUVVHOHFWLQJµ5HPRYHODVWLWHP¶EXWWRQ
 8VHUVVHOHFWLQJµ&OHDU$OO¶EXWWRQ
:H IRXQG XVHUV FRPPLWWHG  ZURQJ VHOHFWLRQV DPRQJ  VHOHFWLRQV IRU H\HJD]H WUDFNLQJ V\VWHP DQG  ZURQJ
VHOHFWLRQDPRQJVHOHFWLRQVXVLQJPRXVH7KHHUURUUDWHLVEHORZLQERWKFDVHV
$YHUDJH6HOHFWLRQ7LPHV
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H\HJD]HWUDFNHUDQGPRXVH
%R[DQG:KLVNHUSORWEHWZHHQ(\HJD]HWUDFNLQJDQG0RXVH
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)LJXUH%R[DQGZKLVNHUSORWIRUEXWWRQVHOHFWLRQ
WLPHVXVLQJH\HJD]HWUDFNHUDQGPRXVH
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)LJXUH1$6$7/;VFRUHFRPSDULVRQEHWZHHQ(\HJD]HWUDFNHUDQG0RXVH
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)LJXUHVKRZVWKHFRJQLWLYHORDGLQWHUPVRI1$6$7/;VFRUHV7KHFROXPQVFRUUHVSRQGWRDYHUDJHVFRUHZKLOH
WKH<HUURUEDUVVLJQLI\VWDQGDUGGHYLDWLRQ8VHUVVFRUHGKLJKHU7/;VFRUHVIRUH\HJD]HWUDFNHUPHDQVWGHY
WKDQPRXVHPHDQVWGHYWKRXJKWKHGLIIHUHQFHZDVQRWVLJQLILFDQWLQDSDLUHGWZRWDLOHGWWHVW
'LVFXVVLRQ
7KLVVWXG\GHPRQVWUDWHV WKDW IRUDQHDV\WRXVH LQWHUIDFHQRYLFHXVHUVFDQFRPSOHWH WDVNVTXLFNHUXVLQJH\HJD]H
WUDFNHUWKDQPRXVHWKRXJKWKHH\HJD]HWUDFNHUWHQGVWRSURGXFHPRUHFRJQLWLYHORDGWKDQPRXVH,WPD\EHQRWHG
QRQHRIWKHVHXVHUVXVHGH\HJD]HWUDFNHUEHIRUHWKRXJKRIWKHPXVHGPRXVHEHIRUH:HUHFRUGHGRQO\RFFDVLRQV
ZKHUHXVHUVWRRNPRUHWKDQVHFVWRVHOHFWDEXWWRQDPRQJFRUUHFWVHOHFWLRQV7KHDYHUDJHEXWWRQVHOHFWLRQWLPH
ZDVVHFV7KHQH[WWULDOWULHGWRUHGXFHWKLVVHOHFWLRQWLPHIXUWKHUWKURXJKWUDLQLQJXVHUVIRUDIHZGD\V
7KHUHVXOWFDQDOVREHDWWULEXWHGRXUWDUJHWSUHGLFWLRQDOJRULWKP>@EXWZHLQWHQGWRHYDOXDWHWKHSHUIRUPDQFHRIWKH
LQWHOOLJHQWH\HJD]HWUDFNLQJDOJRULWKPDVDZKROHDQGVRZHGLGQRWVHSDUDWHRXWWKHWDUJHWSUHGLFWLRQWHFKQRORJ\
IURPH\HJD]HWUDFNLQJ
(IIHFWRI7UDLQLQJIRU(\HJD]H7UDFNHU
7KLVVWXG\HYDOXDWHVWKHHIIHFWRIWUDLQLQJRQSHUIRUPDQFHRIXVHUVZKLOHXQGHUWDNLQJWDVNXVLQJH\HJD]HWUDFNHU
7ZRXVHUVXVHG WKHH\HJD]H WUDFNHU IRU WKUHHFRQVHFXWLYHGD\VXQGHUWDNLQJ VHVVLRQV:H LQYHVWLJDWHGKRZ WKH
SRLQWLQJDQGVHOHFWLRQWLPHVLPSURYHGZLWKWUDLQLQJ
3DUWLFLSDQWV
:H FROOHFWHG GDWD IURP WZR XVHUV ± 3DUWLFLSDQW  ZDV  \HDUV ROG PDOH ZKLOH 3DUWLFLSDQW  ZDV  \HDUV ROG
IHPDOH1RQHRIWKHPXVHGH\HJD]HWUDFNHUEDVHGV\VWHPEHIRUHEXWRWKHUZLVHH[SHUWFRPSXWHUXVHUVDQGRSHUDWHG
FRPSXWHUVUHJXODUO\7KHVWXG\ZDVFRQGXFWHGDW.RONDWD,QGLD
0DWHULDO
:HKDYHXVHGD:LQGRZV+3FRPSXWHUZLWKFPuFPPRQLWRUKDYLQJ[SL[HOV UHVROXWLRQ WR
UHFRUGXVHUV¶SHUIRUPDQFHZLWKWKHH6KRSSLQJV\VWHP:HXVHGD7RELL7;H\HJD]HWUDFNHUWRUHFRUGH\HJD]H
3URFHGXUH
3DUWLFLSDQWV ZHUH LQVWUXFWHG WR EX\ D IHZ LWHPV DQG FKHFN RXW XVLQJ WKH H6KRSSLQJ LQWHUIDFH RI ILJXUH D 7KH\
XQGHUWRRNWKHWULDOWZLFHHYHU\GD\IRUWKUHHFRQVHFXWLYHGD\V(DFKVHVVLRQODVWHGIURPILYHWRWHQPLQXWHV
5HVXOWV
:HUHFRUGHGPLQXWHVVHFRQGVRILQWHUDFWLRQIURP3DUWLFLSDQWDQGPLQXWHVDQGVHFRQGVRILQWHUDFWLRQ
IURP3DUWLFLSDQW:HDQDO\]HGWKHFKDQJHLQEXWWRQVHOHFWLRQWLPHVDFURVVVHVVLRQVIRUERWKSDUWLFLSDQWVDQGDOVR
LQYHVWLJDWHGFKDQJHVLQVHOHFWLRQWLPHVGXULQJHDFKLQGLYLGXDOVHVVLRQ7KHPHGLDQRIVHOHFWLRQWLPHVILJXUHVDQG
ZHUHVHFVDQGVHFVIRUSDUWLFLSDQWVDQGIRUWKHILUVWVHVVLRQZKLOHLWZDVUHGXFHGWROHVVWKDQVHFV
DIWHU WK VHVVLRQ IRU SDUWLFLSDQW  DQG DIWHU QG VHVVLRQ IRU SDUWLFLSDQW  7KHUHZDV D VOLJKW LQFUHDVH LQPHGLDQ
VHOHFWLRQWLPHIRUSDUWLFLSDQWLQODVWVHVVLRQ
7KHDYHUDJHVHOHFWLRQWLPHVDOVRVKRZHGDGHFUHDVLQJWUHQG:HIRXQGDVLJQLILFDQWHIIHFWRIVHVVLRQRQVHOHFWLRQ
WLPHVLQRQHZD\$129$) SIRU3DUWLFLSDQWDQG) SIRU3DUWLFLSDQW
$86(5u6(66,21)DFWRULDO$129$IRXQGDVLJQLILFDQWHIIHFWRI6(66,21) SȘð 
EXWGLGQRWILQGDVLJQLILFDQWHIIHFWRI86(5DWS
7KHUHZDVDOVRDVLJQLILFDQW LQWHUDFWLRQHIIHFWEHWZHHQ86(5DQG6(66,21) SȘð 
 7KH GI LV IUDFWLRQDO GXH WR DSSO\LQJ *UHHQKRXVH*HLVVHU FRUUHFWLRQ $ 0XOWLYDULDWH WHVW DOVR FRQILUPHG
VLJQLILFDQWHIIHFWVRI6(66,21) SȘð DQGLQWHUDFWLRQHIIHFWRI86(5DQG6(66,21)
 SȘð 7KHSDLUZLVHFRPSDULVRQDPRQJGLIIHUHQWVHVVLRQVIRXQG
 $VLJQLILFDQWHIIHFWRI6HVVLRQZLWKVHVVLRQVDQGDWS
 $VLJQLILFDQWHIIHFWRI6HVVLRQZLWK6HVVLRQDWS
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7KHSDLUZLVHFRPSDULVRQGLGQRWILQGDQ\RWKHUVLJQLILFDQWHIIHFWDWS
:HDOVRLQYHVWLJDWHGWKHZLWKLQVXEMHFWFRQWUDVWVDQGIRXQGDVLJQLILFDQWHIIHFWRIOLQHDU) S
Șð DQGTXDGUDWLF) SȘð FRQWUDVWVIRU6(66,21
%R[	:KLVNHUSORWRIEXWWRQVHOHFWLRQWLPHVDFURVVVHVVLRQV
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)LJXUH%R[DQG:KLVNHUSORWIRUEXWWRQVHOHFWLRQ
WLPHVIRU3DUWLFLSDQW
:HKDYHDQDO\]HG WKH OHDUQLQJHIIHFWVGXULQJHDFK LQGLYLGXDOVHVVLRQILJXUHVDQG'XULQJ ILUVW VHVVLRQERWK
SDUWLFLSDQWV JHQHUDWHG D 8VKDSHG OHDUQLQJ FXUYH LQGLFDWLQJ WKHLU VHOHFWLRQ WLPH LQLWLDOO\ GHFUHDVHV DIWHU
DSSUR[LPDWHO\  VHFV DQG WKHQ LQFUHDVHV DJDLQ SHUKDSV GXH WR IDWLJXH )RU VHVVLRQ  3DUWLFLSDQW ¶V OHDUQLQJ
FXUYHVKRZVWKLVHIIHFWPRUHSURPLQHQWO\WKDQ3DUWLFLSDQW+RZHYHUWKHOHDUQLQJFXUYHVWXUQVDOPRVWKRUL]RQWDO
DIWHU WKLUG VHVVLRQ IRU SDUWLFLSDQW  DQG DIWHU ILUVW VHVVLRQ IRU 3DUWLFLSDQW  ,W LQGLFDWHV WKDW SDUWLFLSDQWV ZHUH QR
ORQJHUJRLQJWKURXJKDOHDUQLQJSKDVHGXULQJWKHVHVVLRQ+RZHYHU3DUWLFLSDQW¶VODVWVHVVLRQJHQHUDWHGDQLQFUHDVH
LQVHOHFWLRQWLPHSHUKDSVGXHWRIDWLJXHRUERUHGRP
/HDUQLQJ7UHQGIRU3DUWLFLSDQW
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)LJXUH/HDUQLQJWUHQGLQWHUPVRIEXWWRQ
VHOHFWLRQWLPHVIRU3DUWLFLSDQW
'LVFXVVLRQ
7KLV VWXG\ GHPRQVWUDWHV WKDW ZLWK D VLPSOH DQG HDV\WRXVH LQWHUIDFH XVHUV FDQ SRLQW DQG VHOHFW XVLQJ H\HJD]H
WUDFNHUZLWKLQVHFV$OWKRXJK3HQNDUDQGFROOHDJXHV>@UHSRUWHGDSRLQWLQJDQGVHOHFWLRQWLPHRIVHFVEXW
RXU WDVN ZDV GLIIHUHQW WKDQ WKHP 3HQNDU
V WDVN >@ KDG WDUJHWV RQO\ DW WKH PLGGOH RI WKH VFUHHQ VR WKH\ FRXOG
DFKLHYHDQDYHUDJHVHOHFWLRQWLPHRIVHFVHYHQZLWKVHFGZHOOWLPH,QRXUWDVNXVHUVQHHGHGWRSRLQWDFURVVD
ZLGHDUHDRIWKHVFUHHQDQGIRUSUHVVLQJ 
&KHFN2XW
EXWWRQWKH\QHHGHGWRSRLQWDWWKHHGJHRIWKHVFUHHQ6RWKH
WDVNZDVPRUHUHDOLVWLFWKDQ3HQNDU
VWDVN
2XU VWXG\ DOVR GHPRQVWUDWHG WKDW HYHQ ILUVW WLPH XVHUV FDQ OHDUQ WR XVH H\HJD]H WUDFNLQJ DIWHU JRLQJ WKURXJK
WUDLQLQJ7KHVLJQLILFDQWHIIHFWRITXDGUDWLFFRQWUDVWDOVRVXSSRUWVWKHH[LVWHQFHRIDOHDUQLQJSDWWHUQ7KHSDLUZLVH
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FRPSDULVRQVKRZVXVHUVDWWDLQHGRSWLPXPVSHHGDIWHUDSSUR[LPDWHO\ WZRVHVVLRQV7KH LQGLYLGXDODQDO\VLVVKRZV
WKDWWKHWUDLQLQJGXUDWLRQGLIIHUVEHWZHHQWZRSDUWLFLSDQWV±WKHHOGHUSDUWLFLSDQWWRRNPLQXWHVVHVVLRQVEHIRUH
KDYLQJ  QHDUO\ XQLIRUP VHOHFWLRQ WLPHVZKLOH WKH \RXQJHU SDUWLFLSDQW FRXOG GR LW RQO\ DIWHU XVLQJ WKH V\VWHP IRU
DSSUR[LPDWHO\PLQXWHVVHVVLRQ7XLVNXDQGFROOHDJXHV
>@VWXG\RQ'DVKHUV\VWHP>@FRXOGQRWDFKLHYHD
VWHDG\VSHHGHYHQDIWHUWHQVHVVLRQV:HGHPRQVWUDWHGWKDWZLWKWKHWDUJHWSUHGLFWLRQV\VWHPDQGVLPSOHLQWHUIDFH
XVHUVFDQ OHDUQH\HJD]HWUDFNLQJEDVHGLQWHUDFWLRQZLWKLQPLQXWHV7KLVUHVXOWFDQEHXVHGWRGHYHORSWUDLQLQJ
SURJUDP IRU IXWXUHH\HJD]H WUDFNLQJEDVHG LQWHUIDFHV2XU IXWXUH VWXG\ZLOO FRQVLGHUPRUHSDUWLFLSDQWVDQGPRUH
FRPSOH[WDVNV
&21&/86,21
7KLVSDSHUSUHVHQWVDFDVHVWXG\RIXVLQJH\HJD]HWUDFNLQJEDVHGLQWHUDFWLRQIRUFRPPRQFRPSXWLQJWDVNV:H
FKRVHWRFRQGXFWWKLVVWXG\LQ,QGLDDVDORWRI,QGLDQPLGGOHDJHGDQGHOGHUO\XVHUVZHUHQRWSURILFLHQWZLWKH[LVWLQJ
XVHULQWHUIDFHVEXWNHHQWRXVHFRPSXWHUVDQGRWKHUGLJLWDOGHYLFHVLILWLVHDV\WRXVHDQGOHDUQ:HIRXQGWKDWZLWKD
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